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(54) HEADS-UP USER INTERFACE AND VOICE ACTIVATED CONTROLS FOR DISPLAY OF 
TRAFFIC TARGETS

(57) A voice-activated system for interactive
heads-up display (HUD) (100) and control of traffic tar-
gets is disclosed. In embodiments, the HUD receives and
decodes traffic information from onboard surveillance
systems to identify proximate aircraft (112) within a
threshold range and the positions of each aircraft. The
HUD arranges proximate aircraft into an ordered se-
quence based on distance from ownship or other priority
criteria. When the HUD is active, interactive symbols

(212) are displayed at the positions of the proximate air-
craft. A heads-up controller (206) includes a microphone
(704) and switch operable by the pilot to signal incoming
spoken instructions. The pilot can use voice commands
to activate or deactivate the traffic overlay system or set
parameters. Voice commands allow the pilot to highlight,
select, and designate traffic targets for visual separation
or other traffic applications based on the locations of traf-
fic targets or by verbally identifying specific traffic targets.
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Description

BACKGROUND

[0001] Avionic devices that provide a cockpit display
of traffic information (CDTI) capability will enable pilots
to supplement traffic reports and communications from
air traffic control (ATC) and proactively maintain separa-
tion from proximate aircraft. For example, CDTI may pro-
vide visual representations of a traffic environment, iden-
tifying proximate aircraft (e.g., along with the relative po-
sitions and/or intent of said aircraft).
[0002] CDTI is conventionally displayed in navigation-
map format (e.g., overhead view) on a heads-down dis-
play (HDD). As a result, when using CDTI or related traffic
applications (e.g., CDTI Assisted Visual Separation
(CAVS)), the pilot must go heads-down to confirm the
location of a traffic target (or, e.g., to designate the target
for traffic applications). Conventional systems that incor-
porate a heads-up display (HUD) generally do not display
traffic information via the HUD to reduce visual clutter.

SUMMARY

[0003] A system for interactive heads-up voice-activat-
ed display and control of traffic targets is disclosed. In
embodiments, the system comprises a heads-up display
(HUD) and a heads-up voice-activated command system
operable by the pilot/co-pilot without looking away from
or otherwise taking focus off the HUD. In embodiments,
the HUD receives and decodes traffic information from
onboard traffic collision avoidance systems (TCAS), au-
tomatic dependent surveillance-broadcast (ADS-B), or
other surveillance systems to identify proximate aircraft
within threshold range and their relative positions. The
HUD arranges the proximate aircraft in order of priority,
e.g., in an ordered sequence based on the distance of
each proximate aircraft or other desired criteria. The HUD
activates traffic overlay by displaying interactive symbols
over each proximate aircraft based on their relative po-
sitions (or, e.g., at the edges of the display for "parked"
aircraft within range but outside the field of view of the
HUD). The voice-activated command system includes a
microphone for receiving spoken instructions from the
pilot, e.g., to activate or "wake up" the HUD traffic overlay
or perform specific commands or operations. For exam-
ple, the HUD decodes and parses spoken instructions to
identify command instructions and sequences for, e.g.,
highlighting a traffic target. If multiple targets exist in a
given location or the wrong target is highlighted, the HUD
can cycle through traffic targets in order of priority based
on the spoken instructions. When the desired traffic tar-
get is highlighted, the pilot may verbally select a high-
lighted traffic target and designate a selected traffic target
for spacing or traffic applications.
[0004] In some embodiments, the heads-up controller
includes a control switch or knob operable by the pilot or
operator to activate the HUD traffic overlay or signal the

HUD traffic overlay to listen for spoken command instruc-
tions.
[0005] In some embodiments, the voice-activated
command system can highlight, select, or designate a
traffic target displayed by the HUD based on a relative
position of the traffic target (e.g., heading relative to the
ownship, altitude).
[0006] In some embodiments, the voice-activated
command system can highlight, select, or designate a
specific traffic target displayed by the HUD based on a
tail number or other unique identifier of the proximate
aircraft.
[0007] In some embodiments, the voice-activated
command system can cancel or terminate a previously
designated traffic application.
[0008] In some embodiments, the voice-activated
command system can adjust or update the threshold
range or other HUD parameters.
[0009] In some embodiments, the interactive traffic
symbols are of a first type (e.g., solid lines) for proximate
aircraft within the field of view of the HUD and of a second
type (e.g., broken lines) for "parked" aircraft outside the
field of view and represented by interactive traffic sym-
bols placed at the edges of the display.
[0010] In some embodiments, the HUD displays a tail
number or other unique identifier adjacent to the interac-
tive symbol for each proximate aircraft.
[0011] In some embodiments, the HUD displays addi-
tional traffic information adjacent to the interactive traffic
symbols for selected or designated proximate aircraft,
e.g., relative position information, airspeed information,
trajectory information (e.g., climbing/descending), spac-
ing information.
[0012] In some embodiments, the additional traffic in-
formation is presented via a dynamic text display.
[0013] In some embodiments, the HUD displays inter-
active traffic symbols with increased prominence (e.g.,
larger, brighter) based on a higher priority of the corre-
sponding aircraft within the ordered sequence (e.g., clos-
er to the ownship).
[0014] In some embodiments, the HUD displays inter-
active traffic symbols with reduced prominence (e.g.,
smaller, dimmer) based on a lower priority of the corre-
sponding aircraft within the ordered sequence (e.g., more
distant from the ownship).
[0015] In some embodiments, the HUD superimposes
interactive traffic symbols over other displayed content
(e.g., synthetic vision systems, enhanced vision sys-
tems, combined vision systems).
[0016] In some embodiments, the HUD automatically
discontinues the display of interactive traffic symbols if
an unusual attitude of the aircraft is detected.
[0017] In some embodiments, the HUD automatically
discontinues the display of interactive traffic symbols in
the event of a resolution advisory (RA) issued by an on-
board traffic collision avoidance system (TCAS).
[0018] In some embodiments, the HUD detects a data
loss (e.g., a reporting aircraft fails to update position in-

1 2 



EP 4 012 688 A1

3

5

10

15

20

25

30

35

40

45

50

55

formation) or data fault (e.g., position information is out-
side accuracy or data integrity guidelines), and the HUD
removes the interactive traffic symbols for any aircraft
associated with the data loss or data fault.
[0019] In some embodiments, the HUD includes a
head-worn or helmet-mounted display (HWD, HMD) hav-
ing a dynamic field of view aligned with the orientation of
the pilot/co-pilot.
[0020] This Summary is provided solely as an intro-
duction to subject matter that is fully described in the
Detailed Description and Drawings. The Summary
should not be considered to describe essential features
nor be used to determine the scope of the Claims. More-
over, it is to be understood that both the foregoing Sum-
mary and the following Detailed Description are example
and explanatory only and are not necessarily restrictive
of the subject matter claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The detailed description is described with ref-
erence to the accompanying figures. The use of the same
reference numbers in different instances in the descrip-
tion and the figures may indicate similar or identical items.
Various embodiments or examples ("examples") of the
present disclosure are disclosed in the following detailed
description and the accompanying drawings. The draw-
ings are not necessarily to scale. In general, operations
of disclosed processes may be performed in an arbitrary
order, unless otherwise provided in the claims. In the
drawings:

FIG. 1 is an illustration of an interactive heads-up
display (HUD according to example embodiments of
this disclosure;

FIG. 2A is a block diagram of the interactive HUD of
FIG. 1;

FIG.2B illustrates operations of the interactive HUD
of FIG. 1;

FIG. 3 is an illustration of example symbology of the
interactive HUD of FIG. 1;

FIG. 4 is an illustration of example symbology of the
interactive HUD of FIG. 1;

FIGS. 5A through 5E are flow diagrams illustrating
a method for interactive display of traffic targets via
a HUD according to example embodiments of this
disclosure;

FIG. 6A is a block diagram of the HUD of FIG. 1
incorporating a heads-up manual control system;

FIG. 6B is a diagrammatic illustration of example op-
erations of the HUD of FIG. 6A;

FIG. 7A is a block diagram of the HUD of FIGS. 1 or
6A incorporating a heads-up voice-activated com-
mand system;

and FIGS. 7B through 7D are diagrammatic illustra-
tions of example operations of the HUD of FIG. 7A.

DETAILED DESCRIPTION

[0022] Before explaining one or more embodiments of
the disclosure in detail, it is to be understood that the
embodiments are not limited in their application to the
details of construction and the arrangement of the com-
ponents or steps or methodologies set forth in the follow-
ing description or illustrated in the drawings. In the fol-
lowing detailed description of embodiments, numerous
specific details may be set forth in order to provide a more
thorough understanding of the disclosure. However, it
will be apparent to one of ordinary skill in the art having
the benefit of the instant disclosure that the embodiments
disclosed herein may be practiced without some of these
specific details. In other instances, well-known features
may not be described in detail to avoid unnecessarily
complicating the instant disclosure.
[0023] As used herein a letter following a reference
numeral is intended to reference an embodiment of the
feature or element that may be similar, but not necessarily
identical, to a previously described element or feature
bearing the same reference numeral (e.g., 1, 1a, 1b).
Such shorthand notations are used for purposes of con-
venience only and should not be construed to limit the
disclosure in any way unless expressly stated to the con-
trary.
[0024] Further, unless expressly stated to the contrary,
"or" refers to an inclusive or and not to an exclusive or.
For example, a condition A or B is satisfied by any one
of the following: A is true (or present) and B is false (or
not present), A is false (or not present) and B is true (or
present), and both A and B are true (or present).
[0025] In addition, use of "a" or "an" may be employed
to describe elements and components of embodiments
disclosed herein. This is done merely for convenience
and "a" and "an" are intended to include "one" or "at least
one," and the singular also includes the plural unless it
is obvious that it is meant otherwise.
[0026] Finally, as used herein any reference to "one
embodiment" or "some embodiments" means that a par-
ticular element, feature, structure, or characteristic de-
scribed in connection with the embodiment is included in
at least one embodiment disclosed herein. The appear-
ances of the phrase "in some embodiments" in various
places in the specification are not necessarily all referring
to the same embodiment, and embodiments may include
one or more of the features expressly described or in-
herently present herein, or any combination or sub-com-
bination of two or more such features, along with any
other features which may not necessarily be expressly
described or inherently present in the instant disclosure.
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[0027] Broadly speaking, embodiments of the inven-
tive concepts disclosed herein are directed to a heads-
up display (HUD) and user interface incorporating inter-
active heads-up display and control of traffic targets. For
example, traffic information may be displayed via the
HUD in conformance to actual proximate traffic, and in-
teractive controls allow the pilot to directly manage traffic
targets through the HUD while eyes-out, eliminating the
need to cycle back and forth with heads-down traffic dis-
plays and enhancing general situational awareness.
[0028] Referring to FIG. 1, a heads-up display 100
(HUD) incorporating heads-up interactive traffic overlay
is disclosed.
[0029] In embodiments, the HUD 100 may include a
fixed transparent display positioned in a line of sight be-
tween the eyes/head of the pilot/co-pilot and a forward
cockpit window. In some embodiments, the HUD 100
may include head-worn or helmet-mounted displays
(HWD, HMD) worn by a pilot/co-pilot or operator of the
aircraft and presenting a dynamic view based on the ori-
entation of the pilot’s head relative to the aircraft. In some
embodiments the HUD 100 may include one or more
synthetic display feeds corresponding to a field of view
(FOV). For example, the FOV may be a static FOV fixed
relative to the aircraft (e.g., in the case of a HUD fixed in
front of an aircraft window), and corresponding to the
display size, e.g., X degrees horizontal by Y degrees ver-
tical. Alternatively, the FOV may be a dynamic FOV, e.g.,
the FOV of HMD/HWD systems may be fixed to the po-
sition and orientation (e.g., pose) of the head of the pilot
or operator, and may shift as the head moves.
[0030] In embodiments, the HUD 100 may incorporate
Synthetic Vision Systems (SVS), Enhanced Vision Sys-
tems (EVS), Combined Vision Systems (CVS), and other
like means of visually representing the environment prox-
imate to the aircraft. For example, Combined Vision dis-
plays may include real-time camera feeds (e.g., visible
light and/or infrared) of the terrain 102 over which the
aircraft is in flight, enhanced by terrain data or other sup-
plementary information. The HUD 100 may include a pri-
mary flight display (PFD) or selected PFD instruments or
components, e.g., artificial horizon 104, airspeed indica-
tor 106, altimeter 108, heading indicator 110.
[0031] In some embodiments, the HUD 100 may in-
clude proximate air traffic 112. For example, proximate
air traffic 112 may include any commercial or civil aircraft
close enough to the ownship for visual identification (e.g.,
and any unmanned aircraft close enough, or large
enough, for visual identification). For example, while the
pilot may be able to confirm the presence of proximate
air traffic 112, e.g., via visual identification, the pilot may
not be able to confirm the unique identities of each prox-
imate aircraft 112 via visual identification alone. Accord-
ingly, conventional methods may require the pilot to al-
ternate between a HUD and a heads-down Cockpit Dis-
play of Traffic Information (CDTI) or other traffic display
in order to match each visually identified proximate air-
craft to a traffic target displayed via CDTI.

[0032] In embodiments, the HUD 100 may receive CD-
TI traffic information and generate a HUD traffic overlay
comprising interactive symbols matched to each proxi-
mate aircraft 112 according to its relative position, e.g.,
where the proximate aircraft would appear as viewed
through the transparent display surface. For example,
the aircraft may be equipped with collision avoidance
(e.g., aircraft collision avoidance systems, traffic collision
avoidance systems (ACAS, TCAS)) and/or surveillance
radar systems (including, but not limited to, automatic
dependent surveillance-broadcast (ADS-B) or other sen-
sor-based systems capable of receiving encoded mes-
sages from ground-based air traffic control facilities or
directly from proximate aircraft. Traffic information may
include identifying information (e.g., tail numbers or other
unique identifiers) and position information (e.g., latitude,
longitude, altitude) of any adequately configured aircraft
in range. Traffic information may include unmanned air-
craft systems (UAS) if said UAS are configured with the
proper equipment for ownship position determination and
ADS-B information. In embodiments, the HUD 100 traffic
overlay may be superimposed over other visual content
presented by the HUD (e.g., SVS/EVS/CVS feeds), or
the HUD traffic overlay may be displayed independent
of any other visual content.
[0033] In embodiments, all aircraft corresponding to a
position and identifier received by the HUD 100 may be
displayed by the HUD as interactive symbology 114 cor-
responding to the decoded position information. For ex-
ample, all identified aircraft within a threshold range and
within the field of view of the HUD 100 may be represent-
ed by interactive symbology 114 based on the relative
position of the identified aircraft to the ownship position
of the embodying aircraft, e.g., as determined by onboard
global navigation satellite system (GNSS)-based or other
like position receivers.
[0034] In embodiments, the interactive symbology 114
of the traffic overlay system of the HUD 100 may indicate
not only the relative position of all proximate aircraft 112
but also a status of each proximate aircraft relative to the
HUD traffic overlay system. For example, the interactive
symbology 114 may additionally indicate if a proximate
aircraft 112 is currently highlighted by the HUD 100 (e.g.,
via a cursor 116), selected by the HUD, or designated
by the HUD (e.g., as an "othership") for CDTI assisted
visual separation (CAVS), Flight Deck Interval Manage-
ment (FIM), and/or other like approach spacing or traffic
applications. In some embodiments, traffic information
may include proximate aircraft 112 whose positions are
within range of the HUD 100 traffic overlay system but
whose positions relative to the ownship position are out-
side the field of view of the HUD 100. Interactive sym-
bology 114a may indicate such "parked" aircraft whose
relative positions are outside the field of view, e.g., behind
the aircraft (or behind the current orientation of the pilot,
for HMD/HWD implementations). For example, "parked"
aircraft may be represented by interactive symbology
114a incorporating broken or dotted lines and positioned
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along an edge of the FOV of the HUD 100 corresponding
to the relative position of the "parked" aircraft (e.g., at an
approximately 7 o’clock bearing relative to the ownship).
[0035] In embodiments, the HUD 100 may display
each interactive symbol 114, 114a such that the center
of the displayed symbol corresponds with the reported
position and altitude data of the corresponding proximate
aircraft 112. For example, if received position and altitude
data is not within predetermined accuracy tolerances,
interactive symbology may not be displayed. In some em-
bodiments, the size of a displayed symbol may be fixed
or may be dynamic based on one or more preselected
factors, e.g., distance/range and/or position accura-
cy/uncertainty.
[0036] In embodiments, the HUD 100 may include an
interactive heads-up control system allowing the pilot to
manage traffic target display and applications without
looking away from the HUD. For example, the heads-up
controls allow the pilot to toggle HUD 100 traffic overlay
between active and inactive status (e.g., "on" or "off’) and
cycle/traverse a cursor through each identified proximate
aircraft 112 in sequence. All proximate aircraft 112 may
be organized into an ordered sequence or hierarchy by
the HUD 100 based on one or more criteria selected by
the pilot; for example, sequence criteria may be preset
in advance or modified via the heads-up control, as dis-
closed in greater detail below. The interactive symbols
114 corresponding to each proximate aircraft 112 may
vary to indicate the current status of each proximate air-
craft with respect to the HUD 100 traffic overlay and with
respect to CAVS and other traffic applications, including
(but not limited to): normal; highlighted (e.g., a proximate
aircraft currently highlighted by the cursor 116, but which
the pilot has not selected or designated); selected (e.g.,
a proximate aircraft which the pilot has selected for pos-
sible traffic applications; may be highlighted or non-high-
lighted, e.g., the cursor has been moved or has timed
out); designated (e.g., designated by the pilot for CAVS
or another traffic application).
[0037] Referring now to FIGS. 2A and 2B, the HUD
100 traffic overlay system is disclosed. The HUD 100
may include control processors 202, heads-up display
components 204 (e.g., including graphics processors
and display surfaces), and heads-up controller 206.
[0038] In embodiments, the control processors 202
may receive traffic information from traffic collision avoid-
ance systems 208 (TCAS), ADS-B In receivers 210, and
other like collision avoidance and/or traffic monitoring
systems. For example, traffic information may include
unique identifiers (e.g., tail numbers, ICAO identifiers)
and position information (latitude, longitude, altitude) cor-
responding to proximate aircraft (112, FIG. 1). Based on
received traffic information, the control processors 202
may display interactive symbology 212a-e correspond-
ing to the positions of reporting proximate aircraft 112
(or, e.g., superimpose interactive symbology over the
synthetic display imagery (e.g., EVS, SVS)), as shown
by FIG. 2B. (See also, e.g., FIG. 1, 114/114a.)

[0039] Referring also to FIG. 2B, in embodiments the
HUD 100 traffic overlay may arrange and/or modify in-
teractive symbology 212a-e based on one or more crite-
ria (e.g., horizontal distance from ownship, angular dis-
placement from boresight) selectable by the pilot and
modifiable via the heads-up controller 206. For example,
the control processors 202 may determine that the posi-
tion of the proximate aircraft corresponding to the inter-
active symbol 212a is closest to the ownship position,
and that therefore the interactive symbol 212a is to be
placed first in the ordered sequence of interactive sym-
bols 212a-d. In some embodiments, the interactive sym-
bol 212a may also be displayed with increased or re-
duced prominence (e.g., greater or lesser brightness, in-
creased or decreased size, change in color) relative to
other interactive symbols to reflect the proximity of the
corresponding aircraft 112 (e.g., or more generally the
priority of the corresponding aircraft with respect to the
ordered sequence of aircraft reporting position informa-
tion). Similarly, the pilot may (e.g., via the heads-up con-
troller 206, advance in turn through the interactive sym-
bols 212b-d corresponding to more distant aircraft 112
(e.g., but still within the FOV of the HUD 100), and then
to the interactive symbol 212e corresponding to a
"parked" aircraft behind the ownship and/or its pilot (and
thereby represented by a dashed symbol positioned at
an edge of the FOV of the HUD 100 and corresponding
to the relative position of the "parked" aircraft).
[0040] In some embodiments, the control processors
202 may be in communication with attitude sensors or
other aircraft sensors. For example, if an unusual attitude
of the aircraft is detected, the HUD 100 may automatically
discontinue interactive symbology 212a-e to reduce clut-
ter within the HUD (which may distract the pilot from re-
solving the unusual attitude). Similarly, the TCAS 208
may issue a resolution advisory (RA) to the pilot or flight
crew (e.g., recommending maneuvers and/or maneuver
restrictions to either achieve or maintain separation from
a threat). In some embodiments, the HUD 100 may au-
tomatically discontinue interactive symbology 114, 212a-
e in the event of an RA issued by the TCAS 208. In some
embodiments, the HUD 100 may remove one or more
interactive symbols 212a-e in the event of a data loss or
data fault with respect to the position information reported
by the corresponding proximate aircraft 112. For exam-
ple, if a proximate aircraft 112 ceases transmitting posi-
tion information, or the transmission is not received, or
position information is not within a desired accuracy tol-
erance, the corresponding interactive symbol 212a-e
may be removed from the HUD 100 traffic overlay until
accurate position information is once again received.
[0041] Referring now to FIG. 3, the interactive symbol-
ogy 114, 114a of the HUD traffic 100 overlay of FIG. 1 is
disclosed.
[0042] In embodiments, the interactive symbology 114
may indicate a status (e.g., with respect to CDTI and any
applicable traffic applications) of each proximate aircraft
(112, FIG. 1) for which the HUD 100 has traffic informa-
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tion (e.g., an identifier and position). For example, the
symbol 302 may indicate a proximate aircraft 112 having
normal status, e.g., any aircraft within the threshold
range, within the field of view, and not otherwise high-
lighted, selected, or designated. The symbol 304 may
indicate a proximate aircraft 112 having normal status
(e.g., neither selected nor designated) but which is cur-
rently highlighted by the HUD 100 traffic overlay cursor
116. The symbol 306 may indicate a proximate aircraft
112 selected by the HUD 100 traffic overlay and which
is still highlighted by the cursor 116. For example, the
pilot (e.g., via the heads-up controller 206) may select a
traffic target for display of additional received or derived
traffic information (as disclosed in greater detail below)
but without designating the traffic for CAVS or other like
applications. Similarly, the symbol 308 may indicate a
proximate aircraft 112 selected but no longer highlighted
by the cursor 116. The symbol 310 may indicate a prox-
imate aircraft 112 designated for CAVS by the pilot. For
example, when a traffic target is selected (306), the HUD
100 traffic overlay may display a menu of traffic applica-
tions from which the pilot may select a specific application
for which the corresponding proximate aircraft will be
designated as "othership". The proximate aircraft may
shift status from selected/highlighted (306) to designated
(310), as the cursor 116 is removed upon designation.
[0043] In embodiments, the interactive symbology
114a, e.g., the interactive symbols 312, 314, 316, 318,
320, may be implemented and may function similarly to
the interactive symbols 302, 304, 306, 308, 310, except
that the interactive symbols 312, 314, 316, 318, 320 may
indicate "parked" aircraft having, respectively, a normal
status (312); highlighted/deselected status (314); high-
lighted/selected status (316); selected/non-highlighted
status (318); and designated status (320). For example,
the interactive symbols 312, 314, 316, 318, 320 may be
displayed by the HUD 100 traffic overlay similarly to the
interactive symbols 302, 304, 306, 308, 310, except that
the interactive symbols 312, 314, 316, 318, 320 may be
fully or partially rendered in dashed or broken lines.
[0044] In some embodiments, the heads-up controller
206 may include a control knob or other like heads-up
manual controller 206a manually operable by the pilot/co-
pilot without looking away from, or otherwise taking their
focus off, the HUD 100. In some embodiments, the
heads-up controller 206 may include a voice-activated
command system 206b; for example, the pilot may man-
ually trigger the voice-activated command system to lis-
ten for and decode verbal command input and perform
HUD 100 traffic overlay functions based on the decoded
command input. Heads-up controller systems 206a-b are
disclosed in greater detail below. In embodiments, the
interactive symbology 114, 114a is not limited to the sym-
bols described above, but may include other symbols
and combinations of symbols configured to convey the
same information.
[0045] Referring to FIG. 4, in embodiments, the HUD
(100, FIG. 1) traffic overlay may augment interactive sym-

bology (114/114a, FIG. 3) by displaying additional infor-
mation corresponding to the proximate aircraft (112, FIG.
1) associated with a displayed interactive symbol. For
example, the interactive symbols 302 and 304 may cor-
respond to a proximate aircraft 112 having tail number
N60RC (e.g., or some other unique identifier correspond-
ing to the particular aircraft), which information may be
obtained by the HUD 100 traffic overlay by decoding in-
bound position messages received by a TCAS or ADS-
B receiver (208, 210; FIG. 2). The tail number or identifier
(402) may be displayed directly below the corresponding
interactive symbols 302, 304 to aid in visual confirmation
of the specific and correct traffic target.
[0046] In embodiments, the interactive symbol 308a
may be implemented and may function similarly to the
interactive symbol 308 of FIG. 3, except that for selected
and/or designated traffic targets (e.g., also including se-
lected/highlighted traffic targets (306, FIG. 3) and desig-
nated traffic targets (310, FIG. 3)), the HUD 100 traffic
overlay may display additional textual information and/or
graphic information. For example, the control processors
(202, FIG. 2) may derive additional pertinent information
about specific proximate aircraft (112, FIG. 1) based on
position information received from the proximate aircraft
(or, e.g., based on trends observed within multiple posi-
tion reports over time from the same traffic target). For
example, the HUD 100 traffic overlay may display textual
traffic information as a single-line display cycling between
multiple data points (e.g., distance to the traffic target,
relative to the ownship position ("3.5 NM", 404a); traffic
speed (absolute or relative) ("230 KTS", 404b); traffic
spacing/interval distance for a set time interval (e.g., 2
seconds per data point); category (e.g., single-engine
land, rotorcraft, powered-lift, glider, or other aviation
class rating.) Further, the HUD 100 traffic overlay may
display relative altitude (e.g., of the traffic target relative
to the ownship; plus signs (+) indicate altitude above and
minus signs (--) indicate altitude below) ("+1000 FT",
404c). The HUD 100 traffic overlay display may further
include an upward-pointing climb arrow (406) or down-
ward-pointing descent arrow based on whether the prox-
imate aircraft 112 is climbing or descending.
[0047] Referring to FIG. 5A, the method 500 may be
implemented by the HUD 100 and may include the fol-
lowing steps.
[0048] At a step 502, the HUD receives traffic informa-
tion associated with one or more proximate aircraft within
a threshold range of the aircraft. For example, the traffic
information may be received and decoded by onboard
collision avoidance and/or surveillance systems (e.g.,
traffic collision avoidance system (TCAS), automatic de-
pendent surveillance-broadcast (ADS-B) receiver). In
some embodiments, the traffic information may include
aircraft within the field of view (FOV) of the HUD as well
as aircraft within the threshold range but outside the FOV.
[0049] At a step 504, the HUD traffic overlay organizes
and arranges all proximate aircraft (e.g., all proximate
aircraft for which traffic information has been received)
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into an ordered sequence according to one or more se-
lectable proximity criteria, e.g., distance from the ownship
(horizontal and/or vertical).
[0050] At a step 506, the HUD displays interactive sym-
bols over each proximate aircraft within the threshold
range and associated with received traffic information.
For example, the interactive symbols may indicate the
status of the proximate aircraft relative to the HUD (e.g.,
default/normal; highlighted; selected; designated for traf-
fic applications). In some embodiments, interactive sym-
bols may be displayed at increased or reduced promi-
nence (e.g., greater or lesser brightness, greater or less-
er size) to indicate higher or lower priority within the or-
dered sequence, e.g., closer aircraft may be associated
with larger/brighter symbols and more distant aircraft with
smaller/dimmer symbols. In some embodiments, inter-
active symbols for proximate aircraft may include tail
numbers or other unique aircraft identifiers. In some em-
bodiments, interactive symbols for selected and desig-
nated aircraft may additionally include other received or
derived traffic information, e.g., a distance or airspeed of
the proximate aircraft; whether the proximate aircraft is
above or below the ownship and whether it is climbing
or descending. The HUD may display the interactive sym-
bols independently or superimposed over other dis-
played visual feeds, e.g., SVS/EVS/CVS.
[0051] At a step 508, the HUD traffic overlay accepts
control input from a pilot/co-pilot, operator, or user via a
heads-up controller. For example, the heads-up control-
ler may include a control knob operable by the pilot while
focused on the HUD, or a voice-activated controller.
[0052] Referring now to FIG. 5B, a step 510, the HUD
traffic overlay may transition, in turn, each interactive
symbol corresponding to a proximate aircraft from a non-
highlighted to a highlighted status by traversing the or-
dered sequence based on the received control input. For
example, the HUD traffic overlay may highlight with a
cursor each interactive symbol in turn as directed by the
user in decreasing order of distance or priority (or, e.g.,
based on other selectable priority criteria). In some em-
bodiments, the HUD traffic overlay may display, next to
any interactive symbol corresponding to a proximate air-
craft having a normal/default status (highlighted or un-
highlighted), a tail number or other unique identifier of
the aircraft.
[0053] At a step 512, the HUD traffic overlay transitions
a cursor-highlighted interactive symbol (e.g., and its cor-
responding aircraft) to a selected status based on the
accepted control input. For example, when a proximate
aircraft is selected by the HUD traffic overlay, the traffic
overlay may display additional content associated with,
e.g., the relative position, airspeed, spacing, category,
and/or trajectory of the proximate aircraft.
[0054] At a step 514, the HUD traffic overlay desig-
nates a selected proximate aircraft for one or more traffic
applications (e.g., as an "othership" for CAVS or spacing
purposes) based on the accepted control input (e.g., and
adjusting the corresponding interactive symbol accord-

ingly). For example, the cursor may be removed from the
displayed designated-aircraft symbol.
[0055] Referring now to FIG. 5C, the method 500 may
include an additional step 516. At the step 516, the HUD
may automatically discontinue the traffic overlay to re-
duce clutter if an unusual attitude of the ownship is de-
tected (e.g., via onboard attitude sensors).
[0056] Referring now to FIG. 5D, the method 500 may
include an additional step 518. At the step 518, the HUD
may automatically discontinue the traffic overlay to re-
duce clutter. if the onboard TCAS issues a resolution
advisory (RA).
[0057] Referring now to FIG. 5E, the method 500 may
include additional steps 520 and 522. At the step 520,
the HUD may detect a data loss or data fault with respect
to received position information. For example, position
information transmissions from one or more proximate
aircraft may not be received, or the received position in-
formation may be invalid, e.g., outside prescribed accu-
racy or data integrity limits.
[0058] At the step 522, the HUD removes the interac-
tive symbols for any proximate aircraft associated with
lost, invalid, or otherwise faulty position information.
[0059] Referring to FIG. 6A, the HUD 100a may be
implemented and may function similarly to the HUD 100
of FIGS. 1 through 4, except that the HUD 100a may
incorporate a heads-up manual control knob 206a.
[0060] In embodiments, the heads-up manual control
knob 206a may be configured for controlled rotation 602
and downward articulation 604 (e.g., press-and-release).
For example, controlled rotation 602 may involve rotating
(e.g., tabbing) the heads-up control knob 206a in a partial
arc, either clockwise or counterclockwise. The heads-up
manual control knob 206a may be springloaded or oth-
erwise configured to retract (606) back to its initial posi-
tion after being rotated 602 in either direction.
[0061] Referring also to FIG. 6B, example operations
of the heads-up manual control knob 206a and the HUD
100a are disclosed. In embodiments, the heads-up man-
ual control knob 206a may incorporate combinations of
controlled rotation 602 and downward articulation 604 to
allow the pilot/co-pilot to convey control input to the HUD
100a without looking away from, or otherwise shifting fo-
cus from, the HUD.
[0062] For example, the pilot may press down (604a)
to activate the HUD 100a traffic overlay (608; similarly,
pressing down may deactivate the HUD traffic overlay if
is currently active). The activated traffic overlay may dis-
play interactive traffic symbols (114, FIG. 1) for all prox-
imate aircraft (112, FIG. 1) within the threshold range
reporting position information. To activate the cursor
(116, FIG. 1) the pilot may press down again (604b) to
highlight the highest priority traffic target (610, e.g., the
proximate aircraft 112 closest to the ownship). To high-
light a different traffic target, the pilot may rotate (602a)
the heads-up manual control knob 206a counterclock-
wise or clockwise to sequentially traverse each interac-
tive traffic symbol 114 in ascending or descending se-
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quential order of priority (612).
[0063] Once the desired traffic target is highlighted, the
pilot may press down (604c) to select the highlighted tar-
get (614), and press down once more (604d) to open an
application dialog for the selected target (616). By rotat-
ing (602b), the pilot may shift control from the cursor 116
to the application dialog (618), and by rotating again
(602c) the pilot may scroll through available spacing or
traffic applications in the application dialog to designate
a specific application (e.g., CAVS) for use with the se-
lected target (620). By pressing down (604e), an appli-
cation exit dialog may be opened (622), and by pressing
down once more (604f), the application dialog is exited
and the selected traffic target designated for the desired
application (624), whereby the cursor 116 disappears
from the now-designated traffic target.
[0064] In some embodiments, the heads-up controller
206 may include, but is not limited to: existing flight deck
controls; multifunction dual stack knob (DSK); data tab-
ber knob on a cursor control panel (CCP); or multifunction
keypad (MKP).
[0065] Referring now to FIG. 7A, the HUD 100b may
be implemented and may function similarly to the HUDs
100, 100a of FIGS. 1 through 6B, except that the HUD
100b may incorporate a voice-activated command sys-
tem 206b. The voice-activated command system may
include a press-and-release control knob 702 and a mi-
crophone 704 for receiving vocal control input from the
pilot/co-pilot. In embodiments, the HUD 100b may be em-
bodied in a head-worn or helmet-mounted display (HWD,
HMD) system, and the microphone 704 may be similarly
head-worn or helmet-mounted.
[0066] In embodiments, the voice-activated command
system 206b may be used instead of, or in conjunction
with, the heads-up manual control knob 206a of FIGS.
6A-B. For example, the HUD 100b may be trained via
machine learning techniques to decode or parse vocal
control input spoken by the pilot and identify within the
decoded control input command instructions (e.g., spe-
cific words or phrases recognizable by the HUD and as-
sociated with specific executable instructions, opera-
tions, or command sequences).
[0067] In embodiments, the pilot may hold down (706)
the press-and-release control knob 702 to indicate vocal
control input spoken into the microphone 704, which vo-
cal control input may be converted into digital signals and
analyzed by the control processors 202. For example,
the control processors 202 may be trained (e.g., via anal-
ysis of the pilot’s voice) to identify with sufficient confi-
dence particular words and phrases spoken by the pilot,
parsing the words and phrases into executable instruc-
tions. When the pilot has finished speaking, releasing the
control knob 702 may signal the HUD 100b to cease "lis-
tening" via the microphone 704.
[0068] Referring generally to FIGS. 7B through 7D, ex-
ample operations of the voice-activated command sys-
tem 206b are disclosed.
[0069] In embodiments, referring in particular to FIG.

7B, the pilot may activate the HUD 100b traffic overlay
(708) by quickly pressing and releasing (710) the control
knob 702 (or, e.g., deactivate the HUD traffic overlay if
it is currently active). In some embodiments, activation
of the HUD 100b traffic overlay (708) may also be voice-
activated. For example, as an alternative to pressing and
releasing (710) the control knob 702, the pilot may acti-
vate the HUD 100b traffic overlay (708) by speaking a
predetermined command word or phrase (710a; e.g.,
"WAKEUP") followed by a specific traffic overlay com-
mand (e.g., "TRAFFIC ELEVEN O’CLOCK THREE
THOUSAND" (712)). Similarly, in some embodiments the
HUD 100b traffic overlay may be prepared for spoken
traffic overlay commands (e.g., as described below) by
spoken command phrases 710a (e.g., "WAKEUP",
"READY") as an alternative to holding down (706a) the
control knob 702.
[0070] In embodiments, the pilot may verbally highlight
or select traffic targets based on the position of identified
proximate traffic targets providing traffic information
(e.g., proximate aircraft (112, FIG. 1) identified by the
HUD 100b with interactive traffic symbols (114, FIG. 1)
displayed by the HUD. For example, given an active HUD
100b traffic overlay (708) the pilot may hold down (706a)
the control knob 702, say, e.g., "TRAFFIC ELEVEN
O’CLOCK THREE THOUSAND" (712), and release
(714a) the control knob, directing the HUD 100b to high-
light a traffic target, e.g., an interactive traffic symbol (114,
FIG. 1) corresponding to a proximate aircraft at a heading
around 330 degrees relative to the ownship (e.g., ahead
and slightly to port) and at an altitude around 3,000 ft
MSL. If no air traffic is found at or near this position, the
HUD 100b may so indicate via visual or aural alert, e.g.,
"NO TRAFFIC TARGETS AVAILABLE". If a traffic target
is found at or near the indicated position, the HUD 100b
may highlight the interactive traffic symbol 114 corre-
sponding to the traffic target with a displayed cursor (116,
FIG. 1).
[0071] In embodiments, the HUD 100b may identify
multiple traffic targets at or near the location indicated by
the pilot, or may highlight a traffic target other than the
desired traffic target (716). By holding down (706b) the
control knob 702, saying, e.g., "CYCLE LEFT"/ CYCLE
RIGHT" or "NEXT TARGET"/"PREVIOUS
TARGET" (718), and releasing the control knob (714b),
the pilot may scroll through identified traffic targets in
ascending or descending order of priority until the desired
traffic target is highlighted (720). By holding down (706c)
the control knob 702, saying, e.g., "DESIGNATE TRAF-
FIC FOR CAVS [e.g., or another desired spacing or traffic
application]" (722), and releasing the control knob
(714c), the highlighted traffic target may be designated
for the desired application (724). Similarly, to terminate
a designated application, the pilot may hold down (706d)
the control knob 702, say, e.g., "CANCEL [e.g.,
END/TERMINATE] CAVS" (726), and releasing the con-
trol knob (714d), terminating the application (728).
[0072] In embodiments, referring also to FIG. 7C, the
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voice-activated command system 206b may allow the
pilot to designate a specific traffic target for spacing or
traffic applications based on the tail number or identifier
(402, FIG. 4) provided by the proximate aircraft 112 and
displayed adjacent to the interactive traffic symbol 114
for the proximate aircraft. For example, the pilot may hold
down (706e) the control knob 702 (or provide spoken
command phrases 710a), say "DESIGNATE NOVEM-
BER-SIX-ZERO-ROMEO-CHARLIE FOR CAVS [or oth-
er desired application]" (730), and release (714e) the
control knob. The HUD 100b may identify the traffic target
corresponding to the proximate aircraft 112 having tail
number N60RC (402) and designate the aircraft (if said
aircraft is found) for traffic applications (732).
[0073] In embodiments, referring also to FIG. 7D, the
voice-activated command system 206b may allow the
pilot to set or update other HUD or traffic overlay param-
eters. For example, the pilot may hold down (706f) the
control knob 702 (or provide spoken command phrases
710a), say "SET RANGE ALERT THRESHOLD THREE
MILES (734), and release (714f) the control knob, updat-
ing the threshold range to 3 NM and displaying the up-
dated range (736) via the HUD 100b. By pressing and
releasing (710) the control knob 702, the updated thresh-
old range may be confirmed by the HUD 100b (738).

CONCLUSION

[0074] It is to be understood that embodiments of the
methods disclosed herein may include one or more of
the steps described herein. Further, such steps may be
carried out in any desired order and two or more of the
steps may be carried out simultaneously with one anoth-
er. Two or more of the steps disclosed herein may be
combined in a single step, and in some embodiments,
one or more of the steps may be carried out as two or
more sub-steps. Further, other steps or sub-steps may
be carried out in addition to, or as substitutes to one or
more of the steps disclosed herein.
[0075] Although inventive concepts have been de-
scribed with reference to the embodiments illustrated in
the attached drawing figures, variations are possible
within the scope of the claims. Components illustrated
and described herein are merely examples of a sys-
tem/device and components that may be used to imple-
ment embodiments of the inventive concepts and may
be replaced with other devices and components without
departing from the scope of the claims. Furthermore, any
dimensions, degrees, and/or numerical ranges provided
herein are to be understood as non-limiting examples
unless otherwise specified in the claims.

Claims

1. A voice-activated system for interactive heads-up
display and control of traffic targets, comprising:

an aircraft-based heads-up display, HUD (100),
configured to display a field of view, FOV, prox-
imate to an aircraft;
control processors (202) in communication with
the HUD and configured to:

receive traffic information from at least one
surveillance system of the aircraft, the traffic
information associated with one or more
proximate aircraft within a threshold range
of the aircraft, the one or more proximate
aircraft comprising 1) at least one first prox-
imate aircraft within the FOV and 2) at least
one parked aircraft outside the FOV;
arrange the one or more proximate aircraft
into at least one ordered sequence;
and
when the system is in an active state, dis-
play one or more interactive traffic symbols
(212 a-e) via the HUD, the one or more in-
teractive traffic symbols corresponding to
the one or more proximate aircraft (112) and
each interactive traffic symbol indicating a
status of the corresponding proximate air-
craft;

and
a heads-up controller (206) comprising:

a microphone (704) operably coupled to the
control processors and configured to re-
ceive vocal control input from an operator,
the received vocal control input decodable
by the control processors into executable
instructions, the decoded executable in-
structions configured for directing the HUD
to:

transition the system between the ac-
tive state and an inactive state;
sequentially highlight each proximate
aircraft by traversing the ordered se-
quence with a displayed cursor;
select at least one highlighted proxi-
mate aircraft;
and
designate at least one selected proxi-
mate aircraft for at least one traffic ap-
plication.

2. The voice-activated system of claim 1, wherein the
heads-up controller includes at least one switch op-
erable by the operator for at least one of:

transitioning the system between the active
state and the inactive state;
and
activating the receiving of the vocal control input.

15 16 



EP 4 012 688 A1

10

5

10

15

20

25

30

35

40

45

50

55

3. The voice-activated system of claim 1 or 2, wherein
the executed instructions are configured to direct the
HUD to at least one of highlight, select, and desig-
nate at least one proximate aircraft based on a rel-
ative position of the proximate aircraft.

4. The voice-activated system of any preceding claim,
wherein the executed instructions are configured to
direct the HUD to at least one of highlight, select,
and designate at least one proximate aircraft based
on an identifier corresponding to the proximate air-
craft.

5. The voice-activated system of any preceding claim,
wherein the executed instructions are configured to
direct the HUD to cancel the at least one designated
traffic application.

6. The voice-activated system of any preceding claim,
wherein the executed instructions are configured to
direct the HUD to update the threshold range.

7. The voice-activated system of any preceding claim,
wherein the HUD is configured to:

display at least one first traffic symbol corre-
sponding to the at least one first proximate air-
craft, each first traffic symbol associated with a
relative position of the corresponding first prox-
imate aircraft;
and
display at least one second traffic symbol cor-
responding to each parked aircraft, each second
traffic symbol displayed along an edge of the
HUD based on a relative position of the corre-
sponding parked aircraft.

8. The voice-activated system of any preceding claim,
wherein the HUD is configured to:

display, adjacent to each interactive traffic sym-
bol, an identifier corresponding to the proximate
aircraft;
and
display, adjacent to each interactive traffic sym-
bol corresponding to a selected proximate air-
craft or a designated proximate aircraft, addi-
tional traffic information associated with the
proximate aircraft, the additional traffic informa-
tion selected from a group including:

relative position information;
airspeed information;
trajectory information;
and
spacing information.

9. The voice-activated system of claim 8, wherein the

HUD is configured to present the additional traffic
information via a dynamic display.

10. The voice-activated system of any preceding claim,
wherein the HUD is configured to display the one or
more interactive traffic symbols at an increased
prominence based on a higher priority of the corre-
sponding proximate aircraft within the ordered se-
quence, or wherein the HUD is configured to display
the one or more interactive traffic symbols at a de-
creased prominence based on a lower priority of the
corresponding proximate aircraft within the ordered
sequence.

11. The voice-activated system of any preceding claim,
wherein the HUD is configured to superimpose the
one or more interactive traffic symbols over visual
content displayed by the HUD.

12. The voice-activated system of any preceding claim,
wherein:

the control processors (207) are in communica-
tion with one or more attitude sensors of the air-
craft;
and
the HUD (100) is configured to automatically
transition the system to the inactive state based
on an unusual attitude detected by the attitude
sensors.

13. The voice-activated system of any preceding claim,
wherein:

the control processors are configured to receive
the traffic information from at least one of a traffic
collision avoidance system, TCAS, (208) and an
automated dependent surveillance-broadcast,
ADS-B, receiver;
and
the HUD is configured to automatically transition
the system to the inactive state based on a res-
olution advisory (RA) issued by the TCAS.

14. The voice-activated system of any preceding claim,
wherein:

the control processors (202) are configured to
detect at least one of a data loss and a data fault
associated with the traffic information;
and
the HUD is configured to remove the one or more
interactive traffic symbols associated with the
data loss or the data fault.

15. The voice-activated system of any preceding claim,
wherein:
the HUD includes a head-worn display, HWD, worn
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by the operator, the FOV of the HUD substantially
aligned with an orientation of the operator.
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